Cytoplasmic coat protein complexes perform central roles in sorting protein constituents within the endomembrane system. A new study reveals that the COPII coat operates through dual recognition of signals in a sorting receptor and its bound cargo to promote efficient export from the endoplasmic reticulum.
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Nascent secretory proteins span a range of sizes, subunit arrangements and membrane topologies, yet each is folded in the endoplasmic reticulum (ER) and then packaged into vesicles bearing coat protein complex II (COPII) that transport these cargo proteins forward in the secretory pathway. A framework for coat-protein-dependent trafficking has emerged wherein sorting signals displayed by protein cargo are recognized and bound by cytoplasmic coat adaptor proteins for selective incorporation into specific classes of carrier vesicles [1] . Transmembrane sorting receptors expand the connections by which soluble and membrane cargo can be linked to specific coat adaptors. Segregation of cargo during rounds of membrane trafficking dynamically localizes proteins to their proper intracellular sites. Investigators had set out to define specific sorting signals and modes of recognition in order to understand cellular organization. However, the rules just got a bit more complex and quite probably more discerning in how folded transmembrane cargo are selected for ER export. Instead of single recognition signals in cargo to specify packaging, in some instances dual signals are recognized by the Sec24 adaptor to impart efficient export from the ER in COPII vesicles. In this issue of Current Biology, Pagant et al. [2] show that the nascent form of the membrane protein Yor1 assembles with the Erv14 cargo receptor: this complex is then packaged through simultaneous recognition of sorting signals on Yor1 and on Erv14 by distinct binding sites within the Sec24 adaptor subunit.
Sequential assembly of the COPII subunits Sar1, Sec23-Sec24 and the outer layer Sec13-Sec31 on the surface of ER membranes segregates cargo for incorporation into ER-derived transport intermediates [3] . The Sec24 subunit and its homologs contain multiple cargo recognition sites, each capable of binding distinct ER export motifs. But precisely how this coat complex reversibly binds diverse cargos and how the ER export machinery distinguishes folded from unfolded cargo remain open questions. To address these issues the Miller laboratory has a longstanding interest in folding and ER sorting of Yor1, a polytopic membrane protein in yeast that traffics to the plasma membrane. Yor1 is a member of the ATP-binding cassette (ABC) family of membrane transporters and shares homology with mammalian cystic fibrosis transmembrane conductance regulator (CFTR). Moreover, deletion of a highly conserved phenylalanine residue in Yor1 produces a misfolded variant that is retained in the ER and mimics some properties of the disease-causing CFTR-DF508 mutation [4] . Investigation of Yor1 in Saccharomyces cerevisiae has facilitated genetic analyses of ABC transporter folding and trafficking. Initial studies of wild-type Yor1 identified a cytoplasmically exposed diacidic DXE motif at residues 71-73 that was required for efficient ER export and delivery of Yor1 to the cell surface [5, 6] . Structural studies of the Sec23-Sec24 complex had revealed at least three distinct cargo-binding sites in Sec24 [7, 8] and it was demonstrated that the diacidic motif in Yor1 depended on the Sec24 B-site (residues R230, R235) for packaging into COPII vesicles [6] . All this made good sense until genetic interaction mapping revealed that wild-type Yor1 also displayed partial dependence on the Erv14 cargo receptor for efficient export from the ER [9] .
Erv14 is a small hydrophobic protein with three transmembrane segments and belongs to a highly conserved family that was founded by the Drosophila Cornichon protein [10, 11] . Erv14/Cornichon directs specific integral membrane secretory cargo into COPII vesicles through interactions with the Sec23-Sec24 complex and actively cycles between ER and Golgi compartments [12] . Several lines of study have now identified multiple transmembrane cargo proteins in yeast and animal cells that depend on the Erv14/Cornichon family for ER export [13] [14] [15] [16] . Most Erv14-dependent cargos are polytopic membrane proteins that reside at the plasma membrane or in late endomembrane compartments and contain longer transmembrane domains that are common for proteins in these locations. Indeed, the transmembrane domain length of one such cargo was shown to control Erv14 dependence in export from the ER [14] . Therefore, Erv14 is thought to link specific cargo to the Sec24 adaptor complex for COPII packaging and to help usher proteins with lengthy transmembrane domains out of the ER.
In the new study, Pagant et al. [2] were intrigued by why a plasma membrane cargo protein such as Yor1 would need an ER export receptor, since it already has a perfectly good diacidic ER export motif. To explore this mechanism they first showed that deletion of both ERV14 and its close homolog ERV15 in yeast produced a much stronger Yor1 ER localization phenotype than that obtained following deletion of either alone. This result explained why Yor1 had been missed in previous erv14D cargo screens [14] and confirmed that Yor1 export was dependent on Erv14 activity. With the knowledge that Erv14 and Erv15 are partially redundant, they rescreened a GFP-tagged library of transmembrane secretory proteins [14] and identified 16 additional cargos that depended on Erv14 receptor activity for transport from the ER. As with Yor1, a majority of the newly identified Erv14 cargo are multi-spanning membrane proteins that localize to the plasma membrane.
The authors next demonstrated that the cytoplasmic IFRTL sorting signal in Erv14 at residues 97-101 was necessary for COPII packaging of Erv14 and for localization of the same class of cargo identified through screening the GFP-tagged library. Surprisingly, this Erv14 sorting signal was not recognized by the known cargo binding A-, B-, or C-sites in Sec24. Instead, a new 'D-site' in Sec24, consisting of residues S491, F576 and R578, was identified adjacent to the B-site and required for Erv14 packaging into COPII vesicles. D-site residues were also required for proper localization of Erv14-dependent cargo. Finally, conserved residues in the second transmembrane segment of Erv14 were defined that promote direct interaction with Yor1 and other Erv14-dependent cargo. Connecting these interactions together produces a molecular model for Erv14-and Sec24-dependent sorting of Yor1 into COPII vesicles as depicted in Figure 1 . In this model, simultaneous Sec24 binding of the diacidic signal in Yor1 and the IFRTL signal in Erv14 is proposed to drive efficient ER export of the transmembrane secretory cargo.
These findings are important for the field because the prevailing view had been that single sorting motifs would be sufficient for efficient export of folded cargo from the ER. As the authors mention, other coat adaptors can function as coincidence detectors, where simultaneous binding interactions produce a high-affinity association; however, in these cases, cargo-sorting signals are recognized in a coincident manner with organellespecific membrane lipid [17, 18] . It remains to be determined whether simultaneous recognition of protein sorting signals is a common feature in coat-dependent trafficking. Such a mechanism may be particularly advantageous for ER export in ensuring that nascent secretory cargo are fully folded and assembled into complexes before export. This check could prevent packaging of unfolded cargo that display a single low-affinity sorting motif until assembly and presentation of a more potent bivalent signal. It is also possible that cargo association with Erv14/Cornichon receptors in the ER provides a means to regulate ER export. Cell-surface expression of transporters [14] , TGFa-related proteins [19] , AMPA receptors [15] and G-protein coupled receptors [16] are all known to depend on Erv14/Cornichon and regulated export from the ER could be used to control their cellular activity. Ultimately, the mechanisms that promote assembly and disassembly of these cargo complexes will need to be determined in order to fully understand the role of Sec24 coincident detection. yeast The multipass ABC transporter protein Yor1 (in red) binds to the cargo receptor Erv14 (in grey) through transmembrane domain interactions. This receptor-cargo complex is bound by the Sec24 adaptor subunit through simultaneous recognition of a diacidic DXE signal in Yor1 and the IFRTL sequence in Erv14. Sec24 B-site residues bind the Yor1 diacidic signal, whereas a newly described D-site binds the Erv14 IFRTL sorting signal. Sar1 recruits the Sec23-Sec24 complex to ER membranes when the Sar1 GTPase is in its GTP-bound state. In later stages of ER export (not shown), the outer layer Sec13-Sec31 complex collects assembled Sec23-Sec24-cargo complexes into caged structures that deform the ER membrane bilayer and bud COPII transport vesicles. The vomeronasal organ, a sensory structure within the olfactory system, detects chemical signals that affect social and sexual behaviors and that elicit responses to predator odors. A recent study demonstrates that innate avoidance of sick conspecifics requires an intact vomeronasal organ, expanding the repertoire of biological functions known to be mediated by this olfactory subsystem.
Thomas Bozza
Odors have the ability to evoke vivid memories and intense emotions, to warn us of danger, and to enrich the health and quality of our lives. However, the human olfactory system is no match for the sensitivity and versatility of the noses of other vertebrates. These limitations are highlighted by our increasing dependence on dogs and other animals to sniff out life threatening explosives, illegal contraband, and even missing and injured people. Rodents such as rats and mice interact with the world, and with each other, in ways that are difficult for humans to imagine. Identifying kin or potential mates based on their emitted odors, or judging which foods are safe to eat by smelling the breath of conspecifics are not common human experiences, but are routine for mice and rats.
A remarkable example of chemical communication is the detection and innate avoidance of sick and infected conspecifics using olfactory cues. The neural basis for this behavior and which olfactory subsystems carry such information are not known. A new study by Boillat et al. [1] reported in a recent issue of Current Biology provides definitive evidence that the avoidance of sick conspecifics in mice requires normal function of the vomeronasal organ, which is best known for its role in detecting pheromones and predator-derived chemical signals in rodents.
Despite the many benefits of social behaviors, close interactions among conspecifics present a major drawback, namely the increased transmission of parasites and pathogenic infections [2, 3] . Animals have evolved a variety of mechanisms to cope with increased contagion while still maintaining social interactions [4] . The tension between social behavior and contagion has been studied extensively and in multiple contexts in rodents. For example, health status is a major factor in mate selection, resulting in females preferentially choosing healthy males [2, 5] . More generally, both male and female rodents show aversive behaviors towards sick conspecifics, and odors derived from sick individuals [2, 6] . Various sensory cues are used to assess health status, but recent work has placed olfactory cues center stage in this process [2, 5] . The work by Boillat and colleagues extends our understanding of this process by identifying a specific olfactory subsystem that is necessary for sick conspecific avoidance -an important step on the path towards uncovering the molecular and neural bases for the behavior.
The study by Boillat et al. confirms that mice avoid interacting with sick individuals using a well-established model in which healthy mice are injected with lipopolysaccharide (LPS) -a bacterial endotoxin that elicits an immune response and produces many of the physiological effects of a bacterial infection [6] . Using two behavioral assays, the investigators showed that mice preferred to interact with control conspecifics, and avoided sick ones. Behavioral avoidance was also seen using only the urine of sick mice, rather than the entire animal. These data confirm previous studies showing that the response to sick conspecifics can be induced by olfactory cues that are present in urine [2] .
While humans perceive the chemical world through a single olfactory organ, the main olfactory epithelium, mice have three other olfactory organs [7] -the septal organ, the Grueneberg ganglion, and the vomeronasal organ, a sensory epithelium in a blind pouch at the base of the nasal septum. Sensory neurons in these structures project to different parts of the olfactory bulb (the first processing center for olfactory information) and are thought to serve distinct functions. Which system is required for sick conspecific avoidance? The vomeronasal system is found broadly in tetrapods and serves a variety of functions [8] , including sensing chemical stimuli that elicit innate behaviors [9] . Based on these observations, Boillat et al. reasoned that the vomeronasal system might mediate sick conspecific avoidance. In fact, they show that odors from sick animals activate neurons in the vomeronasal pathway. Vomeronasal sensory neurons project to second order neurons in the accessory olfactory bulb. By examining the expression of the immediate early gene c-fos (a proxy for neuronal activity), the authors showed that urine from LPS-exposed mice elicited significantly more activity in the accessory olfactory bulb than did control urine.
To test whether vomeronasal function is required for sick conspecific
